Abstract. The effects of transformers on the types and characteristics of voltage sag are also different when the voltage sag is transmitted by the transformers, which have different winding connection modes. In this paper, using the system simulation model built by PSCAD, based on the derivation of voltage transfer matrix of transformers with different winding connection modes. Then, taking the Y0/Y-12 type transformer as an example analysed the propagation characteristics of voltage sag caused by single line-to-ground fault, line-to-line fault and double line-to-ground fault. The transfer law of voltage sag propagation of transformers with different winding connection modes is summarized. These laws provide some reference value with on line monitoring, type identification, source location of voltage sag and state evaluation. Industrial plants could reduce the harm caused by the voltage sag reasonable by the way of changing winding connection modes of transformer.
Introduction
In recent years, power quality problem has become a worldwide extensive discussion and research focus, along with the power electronic equipment and voltage sensitive equipment in a large number of applications in industrial control and production process. Voltage sags have caused wide concern of the power quality issues, including the power supply department and the customers [1] . According to national standard GB/T 30137-2013 power quality-voltage sags and short interruptions voltage sags are defined as: a certain point voltage RMS value suddenly reduced to 0.1-0.9, and recover the normal phenomenon in the short duration 10ms-1min, similar definition of IEEE, while scope of the effective value in IEC is defined between 0.01-0.9 times rated voltage, duration of 0.5 cycle to 3 minutes [2] [3] [4] .
Voltage sags are mainly caused by symmetrical or asymmetrical fault occurs in the power system. In addition, the starting of large induction motor and switching of transformer can also cause voltage sags [5] . Voltage sags occur very frequently, the economic loss caused by voltage sags accounts for 60% of the total loss of industrial samples [6] . For examples, the SAIC GM experienced in a total of 31 times voltage sags from 2004 January to 2005 April, an average of 2 times a month; the occurrence of voltage sags are more than 1000 times each year (from 2010 to 2013) in Shenzhen power grid, and AEST2016 even reached more than 3000 times in 2012 [7] .
Voltage sags of power grid have serious harms to the industrial production process, although it is not a serious accident of electric power. Even several cycles of voltage sags will affect the normal work of voltage sensitive equipment, causing adjustable speed drives tripping, the disorder of programmable logic controller, malfunction of loss pressure release device, resulting in huge economic losses [8] [9] [10] [11] . Statistics show that a temporary sag in voltage on a rolling mill usually results economic losses about $10000 on an average [12] . It is said that the complaints of customers caused by voltage sags accounted for more than 80% [13] [14] .
Propagation of voltage sags

Propagation of voltage sags through transformers
A large part of the power users will experience voltage sag when the system transmission line failure. They will still be affected by voltage sag, even if the electrical distance is very far between the bus and the fault location. For the same fault, the characteristics of voltage sag in user terminals can also be different from each other, and characteristics of sag can also be different from the initial fault points. The difference of voltage sags, such as the amplitude and phase, a large part of the reason is that the signal from the initial point of fault location through a transformer spread to the user terminal. So it is very necessary to study the propagation of voltage sags through transformer [15] .
The existing literature has pointed out that the voltage amplitude will be greatly improved when voltage sag signal from the low voltage level to the high through the transformer. The voltage amplitude usually greater than 0.8p.u. when take into account the leakage reactance of the transformer. When the high and low voltage side short circuit capacity meets to , even if three-phase short circuit occurs in the low-voltage side, the voltage of high will be higher than 0.9p.u.. Therefore, the propagation of the voltage sag usually refers to the propagation from the high voltage level to the low voltage level, without taking into account the effect of the low voltage side to the high [16] [17] [18] .
The reason why voltage sags in the user terminal have different characteristics is because the connection mode of the transformer winding at the bus entrance of the user group. Therefore, the different winding connection of the transformer is the key point of this paper.
Transformation matrixes of transformers with different connection
The characteristics of voltage sags will be changed after voltage is spread by the transformer. Different connection modes of the transformers have different change. The transformers are divided into three types, according to the transmission of zero sequence component in the transformer. The zero sequence equivalent circuits as shown in Fig. 1 . Assuming that the ratio of voltage in primary and secondary side is 1: 1 in p.u.. The derivation of Transformation matrixes of transformers with different connection as follows [18] . 
Where, 
Three-phase voltage value in the secondary of the transformer is: 
Voltage transformation matrix of those transformers is:
Results and discussion
In this section, the theoretical analysis is combined with simulation through primary and secondary waveform of Y 0 /Y-12 transformer. Propagation characteristics of voltage sags through transformer are analyzed by single phase-to-ground fault, phase-to-phase fault and two phase-to-ground fault. Further analyses of the propagation mechanism of voltage sag are proceed. Simulation model: in this paper, simulation is carried out by using PSCAD/EMTDC, simplified network model as shown in figure 2 . The line models choose PI parameters. The parameters of transformer are SZ9-M-12500/35kV/6.3kV, rated capacity S N =12500kVA, no-load loss P 0 =13680W and short-circuit impedance is 8%, no-load current I 0 %=0.8%, respectively.
Simulation conditions: Setting single phase-to-ground fault (A), phase-to-phase fault (B, C) and two phase-to-ground fault (B, C), respectively. The start time of the fault at 1s and the duration is 0.05s. Measuring the changes of instantaneous and RMS values of voltage in primary and secondary of transformer during the fault period. 
Single phase-to-ground fault
Most of the faults in power system are single phase-to-ground fault, and resulting unbalanced voltage sags. Figure 3 shows compound sequence network including the positive , negative and zero sequence component. In the same way, two phase-to-ground fault is also includes the three sequence components.
From the Compound sequence network of single phase-to-ground fault as shown in figure 3 , the voltage expressions can be given in (9) when single phase-to-ground fault occurs. 
Where, figure 6 when phase-to-phase fault occurs. 
Two phase-to-ground fault
Phase voltage expression of the transformer is shown as (13) when the two phase-to-ground fault occurs.
(a)voltage waveform in primary (b)voltage waveform in secondary 
Conclusions
In this paper, the propagation rules of voltage sags in different connection modes are summarized. The study results show that :
( (2)The amplitudes of two phase voltages in secondary are not less than 0.58p.u. after three-phase unbalanced sags through 0 Y / Δ-11 or Y/Δ-11 transformer. So the transformer should be using this connection if the secondary load is factories, enterprises, construction site , mostly.
Therefore, the appropriate transformer winding connection can be selected, according to the load condition of the user side. This could reduce the economic losses caused by the unbalanced voltage sags to the power customers. It is advisable to install DVR (Dynamic Voltage Regulator), UPS (Uninterruptible Power Supply) and other measures to reduce the impact of voltage sags to sensitive equipment. Especialy for voltage sags caused by three-phase short circuit because of the lower remain voltage. In addition, we can also infer the fault type of the bus by the knowing transformer winding connection and fault type of the user side. To provide certain judgment basis for identification of sags types, sags source location and a certain reference for the online monitoring and evaluation of voltage sags.
